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ABSTRACT 


Results  are  reported  of  a  study  made  on  ten  cooled  PbSe 
photoconductive  detectors  that  were  stored  at  an  ambient 
temperature  of  22° C  ±  2°  for  periods  of  from  six  to  eight 
months.  Six  of  the  detectors  were  evaporated  cells  produced 
by  the  Eastman  Kodak  Company  and  operated  at  dry  ice 
temperatures;  four  were  chemically  deposited  cells  produced 
by  the  Santa  Barbara  Research  Center  and  operated  at  liquid 
nitrogen  temperatures.  A  small  change  in  dark  resistance 
appeared  to  be  the  only  noticeable  effect  of  aging. 


INTRODUCTION 


Renewed  interest  has  been  shown  recently  in  the  effects  of 
aging  on  lead  selenide  (PbSe)  photoconductive  detectors.  A  study 
was  made  at  this  Laboratory  of  ten  cooled  PbSe  photoconductive 
detectors  that  were  stored  at  an  ambient  temperature  of  22° C 
±  2°  for  periods  of  from  six  to  eight  months.  Six  of  the  detectors 
were  evaporated  cells  produced  by  the  Eastman  Kodak  Company 
and  operated  at  dry  ice  temperatures;  four  were  chemically 
deposited  cells  produced  by  the  Santa  Barbara  Research  Center 
and  operated  at  liquid  nitrogen  temperatures.  (See  Figure  1.) 

The  results  of  tests  made  before  and  after  the  aging  process  are 
presented  in  this  report. 


DESCRIPTION 


Each  of  the  Santa  Barbara  Research  Center  (SBRC)  cells  was 
packed  in  a  "double  barrelled"  package,*  a  construction  designed 
to  facilitate  the  outgassing  of  the  Dewar  flask  in  which  the  detectors 
must  be  heated,  since  PbSe  films  ma'y  not  be  heated  in  vacuum.  By 
keeping  the  detectors  out  of  the  vacuum,  the  package  also  enhances 
their  stability.  A  conventional  Dewar  flask  is  made  of  Pyrex  glass 
to  which  two  silicon  windows  are  fused.  The  flask  is  heated  and 
outgassed  on  the  vacuum  system,  while  an  Aquadag  coating  on  the 
inner  tube  provides  geometrical  shielding.  An  inner  stem  insert 
holds  the  detector  and  the  filter  holder;  this  stem  is  cemented  to 
the  Dewar  flask  with  Silastic  rubber  to  provide  a  positive  seal 
against  the  loss  or  gain  of  water  vapor  in  the  enclosed  air.  The 
four  SBRC  detectors  had  been  stored  at  high  temperatures  for 
several  hundred  hours  prior  to  being  shipped  to  NOLC. 

The  history  of  the  Eastman  Kodak  Company  (EK)  detectors 
was  not  furnished.  They  were  apparently  experimental  models, 
and  each  was  mounted  in  a  permanently  sealed,  evacuated  glass 
Dewar  flask. 


R.  M.  Talley  and  J.  J.  Long,  "The  Cross- Array  Lead  Selenide 
Detector,"  IRIS,  Vol.  7,  No.  2  (August  1962)  pp.  181-185  (SECRET). 


FIGURE  1.  Lead  Selenide  Photoconductive 
Detectors,  (a)  EK  evaporated  cell,  (b)  SBRC 
chemically  deposited  cell. 


2 


MEASUREMENT  TECHNIQUES 


The  parameters  measured  were  the  signal,  relative  frequency 
response,  relative  spectral  response,  dark  resistance,  and  noise 
power  spectrum.  From  these  measurements,  the  various  figures 
of  performance  were  calculated.  Appendix  1  contains  definitions 
and  descriptions  of  these  figures  of  performance.  ^ 

The  electronics  for  the  signal  and  noise  measurements  con¬ 
sisted  of  a  cathode  follower,  a  modified  Tektronix  122  preamplifier, 
and  a  General  Radio  wave -analyzer.  The  source  was  a  500°Kelvin 
blackbody  equipped  with  a  90-cps  sinusoidal  chopper  and  water- 
cooled  baffles.  The  flux  density  in  the  plane  of  the  detector  was 
approximately  nine  microwatts  per  square  centimeter.  Noise 
spectra  were  obtained  for  each  sample  over  the  frequency  range 
of  20  to  10,000  cps.  The  detectors  were  shielded  during  the  noise 
measurements  to  insure  exposure  to  ambient  radiation  only. 

a 

The  frequency  response  measurements  were  obtained  on  a 
dynamic  system  and  were  continuously  frequency-monitored  by  a 
Hewlett-Packard  Model  500-A  tachometer.  Data  readout  was 
achieved  by  introducing  the  two  signals  into  the  x  and  y  axes  of  an 
oscilloscope  and  photographing  the  resulting  trace. 

A  Leiss  double  monochromator  equipped  with  calcium  fluoride 
prisms  was  used  to  measure  the  spectral  response  of  each  detector. 
The  measurements  were  made  on  a  point-by-point  basis;  at  a  given 
wavelength,  the  detector  was  measured  first  and  then  the  signal 
from  the  reference,  a  Perkin-Elmer  radiation  thermocouple. 

The  dark  resistance  is  a  dc  measurement  made  with  the 
detector  shielded  from  all  but  ambient  radiation.  After  the  voltage 
was  applied,  sufficient  time  was  allowed  before  making  this  meas¬ 
urement  to  allow  the  detector  resistance  to  stabilize. 


A  detailed  description  of  the  measurement  procedures  may 
be  found  in  Procedures  Used  in  the  Study  of  the  Properties  of 
Photodetector s,  by  W.  L.  Eisenman,  NOLC  Report  541  (July  1961), 


RESULTS 


Although  the  number  of  detectors  measured  is  not  sufficient  to 
allow  a  statistical  evaluation,  some  general  observations  can  be  made. 
The  results  of  the  dark  resistance  measurements  are  included  in 
Table  1  along  with  calculations  of  the  various  figures  of  performance. 
Three  of  the  EK  evaporated  detectors  showed  a  decrease  in  respon- 
sivity  of  about  20  percent,  but  the  responsivity  of  the  other  three  EK 
detectors  remained  essentially  constant.  The  dark  resistance  of  the 
evaporated  detectors  showed  a  slight  increase,  the  maximum  change 
being  about  40  percent,  while  the  dark  resistance  of  the  chemically 
deposited  detectors  showed  a  slight  decrease,  the  maximum  change 
being  about  20  percent.  The  frequency  response  and  the  spectral 
response  for  all  the  detectors  remained  unchanged  over  the  storage 
period.  The  noise  spectra  showed  varying  amounts  of  l/f  noise, 
from  a  predominant  amount  in  the  evaporated  cells  to  only  a  low 
frequency  component  in  the  chemically  deposited  cells.  The  noise 
spectra  of  all  cells  measured  were  found  to  be  unchanged,  within 
experimental  error,  over  the  period  of  aging.  * 

A  data  sheet  and  a  set  of  evaluation  curves  for  a  detector  rep¬ 
resentative  of  each  type  are  shown  in  Figures  2  through  5, 


CONCLUSIONS 


Although  a  small  change  in  dark  resistance  was  noted  in  almost 
all  of  the  detectors,  no  significant  changes  were  found  in  any  of  the 
figures  of  performance. 

The  evaporated  detectors  produced  by  the  Eastman  Kodak 
Company  showed  responsivity  and  dark  resistance  results  consistent 
with  previous  measurements  made  on  other  EK  lead  selenide  detec¬ 
tors  aged  for  a  somewhat  longer  period.^  The  stability  of  the  spec¬ 
tral  response  and  noise  spectra  were  better  than  those  obtained  in 
the  previous  aging  studies. 

The  chemically  deposited  detectors  produced  by  the  Santa 
Barbara  Research  Center  showed  considerable  improvement  in  the 
stability  of  all  parameters  measured  in  the  previous  aging  studies.-^ 
This  improvement  is  attributed  to  the  previously  described  new 
method  of  packaging  the  detectors. 


Storage  Life  of  Cooled  Lead  Selenide  Detectors,  by  W.  L. 
Eisenman,  NOLC  Technical  Memorandum  43-8  (October  1961). 
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Frequency  (cps)  Frequency  (cps) 

FREQUENCY  RESPONSE  DETECTIVITY  VS  FREQUENCY 


FIGURE  2,  Data  Obtained  From  an  EK  Evaporated  Cell  in  January  1962 


TEST  RESULTS  CONDITIONS  OF  MEASUREMENT 


Frequency  Ceps)  Frequency  (cps) 

FREQUENCY  RESPONSE  DETECTIVITY  VS  FREQUENCY 


FIGURE  3.  Data  Obtained  From  EK  Cell  in  September  1962,  After  Aging 


TEST  RESULTS  CONDITION'S  OF  MEASUREMENT 


TEST  RESULTS  CONDITIONS  OF  MEASUREMENT 
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APPENDIX 


DEFINITIONS  OF  SYMBOLS  AND  TERMS 


A  =  adopted  sensitive  area  of  the  detector  in  cm^ 

f  =  modulation  frequency  of  the  radiation  incident  on  the  detector 

Af  =  frequency  bandwidth  of  the  electrical  measuring  system 
in  cps 

J  =  rms  value  of  the  fundamental  component  of  the  radiant 
energy  flux  density,  in  watts/cm^ 

N  =  rms  noise  voltage 


Rq  =  maximum  response 

Rw  =  response  as  a  function  of  to  =  2irf 


RX 

R 


max 

bb 


ratio  of  the  responsivity  at  the  peak  wavelength  to 
the  responsivity  to  blackbody  radiation 


V  =  rms  value  of  the  fundamental  component  of  the  signal  voltage 
as  measured  with  the  entire  surface  of  the  detector  exposed 


T,  responsive  time  constant.  When  the  photon-excited  carriers  in  the 
semiconductor  have  a  simple  decay  mechanism,  the  response  to  a 
sinusoidal  varying  signal  may  be  given  by 

R  /R  =  (1  +  w2T2)"2 
(o  0 

The  responsive  time  constant  (T)  is  calculated  from  the  frequency 
response.  It  will  be  noted  that  the  load  resistance  used  in  each  case 
is  given  on  the  frequency  response  curve. 


R.  The  responsivity  (R)  is  defined  as  the  ratio  of  the  rms  value  of  the 
fundamental  component  of  the  signal  voltage  to  the  rms  value  of  the 
fundamental  component  of  the  incident  radiation  power: 


R  =  V/JA 


The  units  of  R  are  volts/watt. 

Hj^j.  The  noise  equivalent  irradiance  (Hj^)  is  defined  as  the  minimum 
radiant  flux  density  necessary  to  give  a  signal-to-noise  ratio  of  1  when 
the  noise  is  normalized  to  unit  bandwidth: 

l. 

Hn  =  JN/V-Af2 
I  -> 

The  units  of  Hj^  are  watts/cps2  *cm  . 


The  noise  equivalent  power  (Pjq)  is  defined  as  the  minimum  radi 
ant  flux  necessary  to  give  a  signal-to-noise  ratio  of  1  when  the  noise 
is  normalized  to  unit  bandwidth: 

i 

PN  =  JNA/V-Af2 

i 

The  units  of  P^  are  watts/cps2. 

D*.  D-star  is  defined*  as  the  detectivity  normalized  to  unit  area  and 
unit  bandwidth.  Detectivity  is  the  signal-to-noise  ratio  produced  with 
unit  radiant  flux  incident  on  the  detector: 

D*  =  A*/Pn 

1 

The  units  of  D*  are  cm»cps2 /watt. 

D*mm  *s  defined  as  D-star  at  the  peak  wavelength,  the  optimum  bias 
value,  and  the  peak  detective  modulation  frequency. 


Calibration.  The  gain  of  the  electrical  system  is  calibrated  by  inject¬ 
ing  a  known  voltage  in  series  with  the  detector  being  tested.  This  is 
accomplished  by  means  of  a  small  resistor  placed  between  the  detector 
ground  terminal  and  the  system  ground.  Thus,  the  detector  signal  and 
noise  voltages  are  referred  to  the  detector  terminals  and  to  an  infinite 
load  impedance.  The  detector  noise  is  corrected  for  amplifier  noise. 


^R.  Clark  Jones,  "Methods  of  Rating  the  Performance  of  Photo- 
conductive  Cells, 11  Proceedings  of  IRIS,  Vol.  Z,  No.  1,  June  1957. 
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Greenbelt,  Md. 

Attn:  Optical  Systems  Branch,  Tracking 

Systems  Division,  S.  H.  Genatt  1 


National  Aeronautics  and  Space  Agency 
Scientific  and  Technical  Information  Facility 
P.  O.  Box  5700 
Bethesda,  Md. 

Attn:  NASA  Representative 

(MBS/AK)  1 

Director 

National  Bureau  of  Standards 
Washington  25,  D.  C. 

Attn:  Dr.  E.  K.  Plyler,  Div.  13, 

Sec.  2  1 

ACF  Electronics  Division 
11  Park  Place 
Paramus,  N.  J. 

Attn:  Librarian  1 

Advanced  Technology  Laboratories 
A  Division  of  American  Standard 
369  Whisman  Road 
Mountain  View,  Calif. 

Attn:  Librarian  1 

Aerojet-General  Corporation 
63  52  N.  Irwindale  Road 
Azusa,  Calif. 

Attn:  M.  T.  Grenier,  Librarian  1 

Aerojet-General  Corporation  1 

11711  Woodruff  Avenue 
Downey,  Calif. 

Aerospace  Corporation 
2400  E.  El  Segundo  Blvd, 

El  Segundo,  Calif. 

Attn:  I.  J.  Spiro,  Head,  Eng. 

Section,  Infrared  Dept.  1 

Aerospace  Corporation 

P.  O.  Box  95085 

Los  Angeles  45,  Calif. 

Attn:  Library  Technical  Documents 

G  r  oup  1 

Arma  Division 

American  Bosch  Arma  Corporation 
Garden  City,  N.  Y. 

Attn:  Earl  Chatterton  1 

American  Optical  Company  1 

Research  Center 
Southbridge,  Mass. 

Armour  Research  Foundation 
10  West  35th  Street 
Chicago  16,  III. 

Attn:  G.  L.  Johnson,  Ghent.  Dept.  1 
Via:  Commanding  Officer,  ON R  Branch 
86  East  Randolph  Street 
Chicago  1,  Ill. 
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Copies 

Amoneucs,  A  Division  of  North  American 
Aviation,  Inc. 

9150  E.  Imperial  Highway 
Downey,  Calif. 

Attn:  Technical  Library,  393-53  1 

Avco  Corporation 
E  and  O  Division 
2630  Glendale-Milford  Road 
Cincinnati  41,  Ohio 

Attn:  R,  W.  Englert  1 


Copies 

Roy  C.  Ingersoll  Research  Center 
Borg-Warner  Corporation 
Wolf  and  Algonquin  Roads 
Des  Plaines,  Ill. 

Attn:  G.  F.  Boesen,  Project 

Engineer  1 

Bulova  Research  and  Development  1 
Laboratories,  Inc. 

62-10  Woodside  Avenue 
Woodside  77,  Long  Island,  N.  Y. 


Avco  Manufacturing  Corporation 
Research  and  Development  Division 
Wilmington,  Mass. 

Attn:  Dr.  Tunis  Wentink,  Jr.,  Aero-Physic 
Dept.,  Section  R540 

Avco-Everett  Research  Laboratory 
2385  Revere  Beach  Parkway 
Everett  49,  Mass. 

Attn:  B.  A.  Spence,  Technical  Librarian 

Baird- Atomic,  Inc. 

33  University  Road 
Cambridge  38,  Mass. 

Attn:  Gene  McDaniel 

Baldwin  Piano  Company 
1801  Gilbert  Avenue 
Cincinnati  2,  Ohio 
Attn:  J.  H.  Bruning 

Barnes  Engineering  Company 
Defense  and  Space  Division 
44  Commerce  Road 
Stamford,  Conn. 

Attn:  E.  M.  Wormaer 

Technical  Librarian 

Beckman  Instruments,  Inc. 

Research  Library 
c/o  Ralph  Ostergren 
2500  Harbor  Boulevard 
Fullerton,  Calif. 

Bendix  Corporation 
Y  ork  Division 
Lincoln  Highway 
York  County,  Pa. 

The  Boeing  Company 
Aero-Space  Division 
P.  O.  Box  3707 
Seattle  24,  Wash. 

Attn:  R.  R.  Barber,  Library  Unit  Chief 

The  Boeing  Company 
Library 

Military  Aircraft  Systems  Division 
Wichita  Branch 
Wichita  1,  Kans. 


California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena  3,  Calif. 

i  Attn:  S.  S.  Penner  1 

1 

Cornell  Aeronautical  Laboratory,  Inc. 
4455  Genesee  Street 
Buffalo  21,  N.  Y. 

Attn:  J.  P.  Desmond,  Librarian  1 

1 

Douglas  Aircraft  Company,  Inc. 

Missile  and  Space  Systems  Division 
3000  Ocean  Park  Boulevard 
Santa  Monica,  Calif. 

1  Attn:  A2-260  Library  1 

Eastman  Kodak  Company  3 

Apparatus  and  Optical  Division 
Lincoln  Plant,  Technical  Library 
1  400  Plymouth  Avenue,  North 

Rochester  4,  N.  Y, 

Electronics  Corporation  of  America 
1  Memorial  Drive 
Cambridge  42,  Mass. 

1  Attn:  Dr.  J.  N.  Humphrey  1 

1 

Electro-Optical  Systems,  Inc. 

1  125  N.  Vinedo  Avenue 

Pasadena,  Calif. 

Attn:  Technical  Librarian  1 

Fairchild  Stratos  Corporation  1 

Electronic  Systems  Division 
1  Wyandanch,  Long  Island,  N.  Y. 

Farrand  Optical  Co.,  Inc.  1 

Bronx  Blvd.  and  East  238th  Street 
New  York  70,  N.  Y. 

F enwal  Incorporated 
400  Main  Street 
Ashland,  Mass. 

1  Attn:  W,  Barry,  Security  Officer  1 

1  Ford  Motor  Company  1 

Aeronutronic  Division 
F  ord  Road 

Newport  Beach,  Calif. 


Z0 


Copies 


Copies 


General  Dynamics/ Astronautics 
P.  O.  Box  1128 
San  Diego  12,  Calif, 

Attn:  Library  and  Information 
Services  (128-00) 

General  Dynamics/Convair 
P.  O.  Box  1950 
San  Diego  12,  Calif. 

Attn:  Engineering  Library 
Mail  Zone  6-157 

General  Dynamics/Pomona 
P.  O.  Box  1011 
Pomona,  Calif. 

Attn:  Division  Library,  Mail  Zone  6-20 

General  Electric  Company 
Advanced  Electronics  Center 
Cornell  University 
Ithaca,  N.  Y. 

General  Electric  Company 
Armament  and  Control  Section 
600  Main  Street 
Johnson  City,  N.  Y. 

Attn:  L.  M.  Bergere 

General  Electric  Company 
Space  Technology  Center 
P.  O.  Box  8555 
Philadelphia  1,  Pa. 

Attn:  L.  I.  Chasen,  Manager,  Missile  and 
Space  Division  Library 

General  Mills  Electronics  Group 
2001  East  Hennepin  Avenue 
Minneapolis  13,  Minn. 

Attn:  Library 

General  Precision,  Inc. 

Librascope  Division 
808  Western  Avenue 
Glendale,  Calif. 

Attn:  N.  J.  Sands,  Supervisor,  Library 
Services 

General  Precision  Aerospace 
Aerospace  Research  Center 
1255  McBride  Avenue 
Little  F alls,  N.  J. 

Attn:  Mrs.  V.  Petras,  Librarian, 
Documents  Library 

Engineering  Library,  Plant  5 

Grumman  Aircraft  Engineering  Corporation 

Bethpage,  Long  Island,  N.  Y. 

HRB-Singer,  Inc. 

P.  O.  Box  60 
State  College,  Pa. 


Harvard  College  Observatory 
Cambridge  38,  Mass. 

Attn:  L.  Goldberg  1 

1  Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  Calif. 

Attn:  N.  E.  Devereux,  Technical 

Documents  Center  2 

R.  D.  Hudson,  Jr.,  Infrared 
1  Laboratories,  MS  V-124  1 

C.  E.  Love,  Advanced  Projects 
Laboratory,  Mail  Station 
B-159  1 

1  Hycon  Manufacturing  Company 

700  Royal  Oaks  Drive 
1  Monrovia,  Calif, 

Attn:  Technical  Library  1 

ITT  Federal  Laboratories 
15151  Bledsoe  Street 
San  Fernando,  Calif. 

Attn:  Dr.  R.  K.  Orthuber  1 

ITT  Industrial  Laboratories 
1  3700  East  Pontiac  Street 

Fort  Wayne,  Ind. 

Attn:  K.  L.  DeBrosse  1 

Infrared  Industries,  Inc. 

6307  South  Via  Real 
Carpinteria,  Calif. 

1  Attn:  A.  J.  Cussen  1 

Infrared  Industries  Inc.  1 

62  Fourth  Avenue 
Waltham,  Mass, 

1 

International  Business  Machines  Corp. 
Space  Guidance  Center 
Federal  Systems  Division 
Owego,  Tioga  County,  N.  Y. 

Attn:  Technical  Reports  Center  1 

1  Officer  in  Charge 

Jet  Propulsion  Laboratory 
4800  Oak  Grove  Drive 
Pasadena  3,  Calif. 

Attn:  I,  E.  Newlan,  Chief, 

Reports  Group  1 

1  Carlyle  Barton  Laboratory 

The  Johns  Hopkins  University 
1  Charles  and  34th  Streets 

Baltimore  18,  Md. 

Attn:  Librarian  1 


2.1 


Copie  s 


Johns  iiopkms  University 
Baltimore  18,  Md, 

Attn:  Dr.  G.  H.  Dieke,  Department  of 

Physics,  Homewood  Campus  1 

Dr.  J.  Strong,  Ames  Hall, 

Homewood  Campus  1 

Via:  ONR,  Research  Representative 
Johns  Hopkins  University 
Whitehead  Hall,  Room  207 
34th  and  Charles  Streets 
Baltimore,  Md. 

Kollsman  Instrument  Corporation 
80-08  45th  Avenue 
Elmhurst  73,  N.  Y. 

Attn:  Librarian  1 

Leesona  Moos  Laboratories  1 

A  Division  of  Leesona  Corporation 
90-28  Van  Wyck  Expressway 
Jamaica  18,  N.  Y. 

Litton  Systems,  Inc. 

5500  Canoga  Avenue 
Woodland  Hills,  Calif. 

Attn:  H.  Graifer,  Systems  Management  1 

Lockheed-California  Company  1 

A  Division  of  Lockheed  Aircraft  Corporation 
Central  Library 

Dept.  72-25,  Bldg.  63-1,  Plant  A- 1 
Burbank,  Calif. 

Lockheed  Missiles  and  Space  Company 
Technical  Information  Center  (50-14) 

3251  Hanover  Street 
Palo  Alto,  Calif. 

Attn:  Dr.  W.  A.  Kozumplik,  Mgr.  2 

AUTAC,  Research  Library  1 

The  Martin  Company 
P.  O.  Box  179 
Denver  1,  Colo. 

Martin  Company  1 

Science-Technology  Library 
Mail  398 

Baltimore  3,  Md. 

Massachusetts  Institute  of  Technology 
Aerophysics  Laboratory 
560  Memorial  Drive 
Cambridge  39,  Mass. 

Attn:  Library  1 

Via:  Commanding  Officer,  ONR  Br.  Office 
495  Summer  Street 
Boston  7,  Mass. 

Massachusetts  Institute  of  Technology 
Lincoln  Laboratory 
Lexington  73,  Mass. 

Attn:  Library  A-082  1 


Copie  s 

Massachusetts  Institute  of  Technology 
Department  of  Chemistry 
Cambridge  39,  Mass. 

Attn:  Prof.  L.  Harris  1 

Via:  ONR  Branch  Office,  Boston 

Massachusetts  Institute  of  Technology 
Spectroscopy  Laboratory 
Cambridge  39,  Mass. 

Attn:  Dr.  R.  C.  Lord  1 

Via:  ONR  Branch  Office,  Boston 

McDonnell  Aircraft  Corporation 
Box  516 

St.  Louis  66,  Mo. 

Attn:  R.  D.  Detrich,  Asst.  Supv. 

Engrg,  Lib.  Dept.  218  1 

Melpar,  Incorporated  1 

Scientific  Analysis  Office 
440  Swann  Avenue 
Alexandria,  Va. 

Via:  Melpai',  Inc.,  3000  Arlington  Blvd. 
Falls  Church,  Va. 

Minneapolis-Honeywell  Regulator  Co. 
Aeronautical  Division 
1400  Soldiers  Field  Road 
Boston  35,  Mass. 

Attn:  M.  J.  Houser,  Market 

Research  Librarian  1 

Minneapolis-Honeywell  Regulator  Co.  1 
Research  Center 
500  Washington  Avenue  South 
Hopkins,  Minn, 

Via:  Commanding  Officer 
U.  S.  Army  Ordnance  District 
623  South  Wabash  Avenue 
Chicago  5,  Ill, 

Minneapolis-Honeywell  Regulator  Co, 
13350  U.  S.  Highway  19 
St.  Petersburg,  Fla. 

Attn:  Mrs.  Virginia  Batchelor, 

Librarian  1 

Motorola,  Inc. 

8330  Indiana  Avenue 
Riverside,  Calif. 

Attn:  Technical  Information  Office  1 

North  American  Aviation  Inc. 
International  Airport 
Los  Angeles  9,  Calif. 

Attn:  Technical  Library  1 
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North  American  Aviation,  Inc. 

Columbus  Division 
4300  East  Fifth  Avenue 
Columbus  16,  Ohio 

Attn:  Engineering  Data  Section  1 

Via:  BuWeps  Representative,  Columbus 

Northrop  Corporation 
Norair  Division 
Hawthorne,  Calif. 

Attn:  Technical  Information,  3924-31  1 

Nortronics,  A  Division  of  Northrop  Corp. 
Electronics  Systems  and  Equipment  Dept. 
Research  Park 
Palos  Verdes  Estates,  Calif. 

Attn:  J.  W.  Stone  1 

Northwestern  University 
Physics  Department 
Evanston,  Ill. 

Attn:  Dr.  R.  J.  Cashman  1 

Via:  ONR  Branch  Office,  Chicago 

Ohio  State  University  Research  Foundation 
1314  Kinnear  Road 
Columbus  12,  Ohio 

Attn:  Prof.  E.  E.  Bell,  Dept,  of  Physics  1 

Prof.  W.  E.  Mitchell,  Macmillan 
Observatory  1 

E.  K.  Damon,  Antenna  Laboratory  1 

Via:  ONR  Resident  Representative,  Columbus 


Radio  Corporation  of  America 
Defense  Electronic  Products 
Camden  2,  N.  Y. 

Attn:  Library,  10-2-5 

Conversion  Devices  Laboratory 
RCA  Laboratories 
Princeton,  N.  J. 

Attn:  Dr.  CL  A.  Morton,  Director 

Rand  Corporation 
1700  Main  Street 
Santa  Monica,  Calif. 

Attn:  Library 

Raytheon  Company 
Box  636 

Santa  Barbara,  Calif. 

Attn:  M.  R.  Krasno 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
P.  O.  Box  398 
Bedford,  Mass. 

Attn:  I.  N.  Britton,  Librarian 

Republic  Aviation  Corporation 
Missiles  Systems  Division 
223  Jericho  Turnpike 
Mineola,  N.  Y. 

Attn:  Samuel  Baig,  Supervisor, 
Library 


Per’  in- Elmer  Corporation  1 

2°  /0  Bristol  Street 
.osta  Mesa,  Calif. 

Perkin- Elmer  Corporation 
P.  O.  Box  730 
Norwalk,  Conn. 

Attn:  Librarian  1 

Philco  Corporation 

Communications  and  Electronics  Division 
4700  Wissahickon  Avenue 
Philadelphia  44,  Pa. 

Attn:  D.  Kinnier  2 

Philips  Laboratories 
Irvington  on  Hudson 
New  York,  N.  Y. 

Attn:  Dr.  E.  H.  Stupp  1 


Sanders  Associates,  Inc. 

95  Canal  Street 
Nashua,  N.  H. 

Attn:  Paul  Leavy,  Jr. 

Santa  Barbara  Research  Center 
Santa  Barbara  Municipal  Airport 
Goleta,  Calif. 

Attn:  P.  J.  Granke 

Servo  Corporation  of  America 
111  New  South  Road 
Hicksville,  Long  Island,  N.  Y. 

Sperry  Gyroscope  Company 
Infrared/Optics  Department 
Division  of  Sperry  Rand  Corp. 
Great  Neck,  Long  Island,  N.  Y. 
Attn:  Dr.  B.  J.  Howell 


Polan  Industries 
Huntington  19,  W.  Va. 
Attn:  L.  M.  Polan 

Polaroid  Corporation 
730  Main  Street 
Cambridge  39,  Mass. 
Attn:  Dr,  R.  C.  Jones 


Sylvania  Electric  Products,  Inc. 
Electronic  Defense  Laboratory 
1  P.  O.  Box  205 

Mountain  View,  Calif. 

Syracuse  University 
Syracuse  10,  N.  Y. 

1  Attn:  H.  Levinstein,  Dept,  of 

Physics 

Via:  INSMAT,  Syracuse 


Copies 


Copies 


Texas  instruments 
1  3500  N.  Central  Expressway 
P.  O.  Box  1079 
Dallas,  Tex. 

Attn:  George  Pruett 

Texas  Instruments,  Inc. 

P.  O.  Box  5012 
Inwood  Station 
Dallas  22,  Tex. 

Attn:  Larry  Sloan,  Materials  and 
Sensors  Dept. 

Texas  Instruments  Incorporated 
Corporate  Research  and  Engineering 
P.  O.  Box  5474 
Dallas  22,  Tex. 

Attn:  Technical  Reports  Service 

Semiconductor  Research  and  Development 
Laboratory 

Texas  Instruments  Incorporated 
P.  O.  Box  5012 
Dallas  22,  Tex. 

Attn:  Dr.  R.  L.  Petritz,  Director 

Thompson  Ramo  Wooldridge  Inc. 

RW  Division 

84  33  Fallbrook  Avenue 

Canoga  Park,  Calif. 

Attn:  Technical  Library 

Norden  Division  -  United  Aircraft  Corp. 
Helen  Street 
Norwalk,  Conn. 

Attn:  R.  Wisnieff 


Walter  Kidde  Ik  Company,  Inc. 
Engineering  and  Research  Division 
675  Main  Street 
Belleville  9,  N.  J. 

1  Attn:  A.  Rakowski  1 

Westinghouse  Electric  Corporation 
32  North  Main  Street 
Dayton  2,  Ohio 

Attn:  John  Basista  1 

1  Westinghouse  Electric  Corporation 
Defense  Center  -  Baltimore 
Technical  Information  Center 
Box  1693 
Baltimore  3,  Md. 

Attn:  Mrs.  A.  E.  Battaglia  3 

1 

NOLC: 

C.  J.  Humphreys,  Code  40  1 

R.  F.  Potter,  Code  43  '  1 

W.  L.  Eisenman,  Code  431  1 

J.  D.  Merriam,  Code  431  3 

A.  B.  Naugle,  Code  431  1 

1  J.  Bernstein,  Code  432  1 

J.  J.  Nastronero,  Code  54  1 

Technical  Library,  Code  234  2 


University  of  Chicago 
Laboratories  for  Applied  Sciences 
Museum  of  Science  and  Industry 
Chicago  37,  111. 

Attn:  Technical  Library  3 

Department  of  Astronomy 
University  of  Michigan 
Ann  Arbor,  Mich. 

Attn:  O.  C.  Mohler  1 

Via:  ONR,  Ann  Arbor 

University  of  Michigan 
Institute  of  Science  and  Technology 
P.  O.  Box  618 
Ann  Arbor,  Mich. 

Attn:  W.  Wolfe,  IRIA  3 

Via:  ONR,  Ann  Arbor 

Vitro  Laboratories 
14000  Georgia  Avenue 
Silver  Spring,  Md. 

Attn:  Library  1 
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